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Abstract -A high angle, west-vetgent thrust system (WTS) located along the western border of the Altiplano in Northern Chile 
caused the westward translation of the metamorphic pm-Cambrian basement and Mesozoic rocks over late Tertiary deposits. 
This WTS, which was essential to the build-up of the western Altiplano, developed principally between I5 and 4.8 Ma. The 
chronological sequence of faults indicate a back-thrusting. The WTS forms an overstep thrust sequence with vertical throws 
increasing from West to East and exposes in this direction increasingly older units over younger ones. 

Taking the paieolake deposits of the Chucal Formation (25-19 Ma) and the ignimbrites of Oxaya Formation (19 Ma) as two 
regional reference levels, it is possible to calculate a 4,000 f 200 m uplift associated to the WTS and a 392 f 20 m/Ma uplift rate. 

The WTS on the west side of de Altiplano and the east vergent thrust and fold belt on the east border, indicate that this pla- 
teau is essentially a compressive asymmetric structum, formed by two thrust “be.lts” with opposing vergencies. Copyright 8 
1996 Elsevier Science Ltd & Earth Sciences & Resources Institute 

Resumen - El borde occidental de1 Altiplano est6 formado por un sistema fallado y plegado de alto dngulo con vergencia hacia 
el Oeste (WTS). Este sistema involucra el alzamiento de un basamento metam6rtico de edad pmcambrica y secuencias sedi- 
mentarias del Mesozoico, falladas sobre unidades sedimentarias y vol&icas de edad terciaria media y superior. 

El alzamiento principal de1 Altiplano. en el extremo norte de Chile, se habrfa desarrollado entm 10s 15 y 4.8 Ma y habrfa sido 
facilitado por este sistema de fallas, cuya edad es menor hacia el antepafs y cuyo desplazamiento vertical aumenta en la misma 
direcci6n. Tomando coma niveles de referencia regional las ignimbritas de la Forma&n Oxaya y la paleoelevaci6n a la cual 
fueron generadas las sedimentitas de la Formaci6n Chucal (lacustm, 25-19 Ma). el alxamiento tect6nico asociado al WTS habrfa 
sido del orden de 10s 4.000 f 200 m con una tasa de 392 i 20 m/Ma. 

La existencia de un sistema fallado de vergencia occidental en el borde oeste del Altiplano indica que esta megaunidad es, 
esencialmente, una estructura compresiva asim&rica formada por dos sismmas de empuje de vergencias opuestas: el sistema de 
empuje de las Sierras Subandinas y el WTS, ambos iniciados durante el Oligocene. 

INTRODUCTION 

The origin of the near 4,000 m high Altiplano-Puna pla- 
teau, located in the Central Andes, represents one of the 
most interesting mountain building problems in this part 
of the range. The uplift of mountain ranges can generally 
be related to crustal shortening processes. To explain in 
some mountain ranges the presence of great high plateau 
like the Tibetan, and the Altiplano-Puna, it seems how- 
ever, necessary to appeal to a combination of processes 
involving different amounts of horizontal and vertical 
mass and energy transport. These processes can be clas- 
sifed into the following categories: structural shortening, 
magmatic addition and lithospheric thinning (Allmend- 
inger, 1986). 

Several attempts have been made to explain the uplift 
of the Altiplano-Puna plateau. Suarez et al. (1983) sug- 
gested that the crustal thickening is caused by repeated 
underthrusting of the continental crust. Similar views 
were given by Roeder (1988) and Reutter et al. (1988). 
Isacks (1988) favored the idea that the Altiplano is a 
result of crustal thickening produced by structural short- 
ening and thermal thinning of the lithosphere (see our 
discussion). Kono et al. (1989) proposed, instead, that 
magma addition and crustal shortening are the mecha- 
nisms that simultaneously operated during the uplift of 
the Altiplano plateau. In their model, addition of magma 

prevailed in the western half of the Central An&s, while 
crustal shortening concentrated in its eastern part, that is: 
the Eastern Cordillera and the Subandean Ranges. 

This article describes a high angle, west-vergent thrust 
system located on the west border of the Chilean Altiplano, 
between 18” 30’ and 20” South latitude, and discusses its 
significance for the uplift of the Altiplano plateau. 

GEOGRAPHIC AND TECTONIC SETTING 

The Altiplano is located in the arid and scarcely gla- 
ciated central part of the Central Andes (Gansser, 1973) 
between 15” and 27” S latitude, where it overlies a 30” 
east-dipping segment of the subducted oceanic slab; it 
is bounded to the N and S by flat?slab subduction seg- 
ments (Barazangi and Isacks, 1976; Cahill and Isacks, 
1992). 

In the central part of the Central Andes, between 15” 
and 20” S, in South Peru, North Chile and Southwest 
Bolivia the following morphostructural units are distin- 
guished, from West to East; Arica Basin (AB), Coastal 
Range (CR), Central Basin or Central Depression (CB), 
Altiplano plateau (A) with the volcanic zone to its west 
side or Western Cordillera (WC), Eastern Cordillera (EC) 
and Subandean Sierras (SS). South of this area, at the 
latitude of Antofagasta (235) other morphostructural 
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units are developed between the Central Basin and the 
Puna, the southward continuation of the Altiplano. These 

are, from West to East: The Precordillera (PC) and the 

Preandean Depression (PD) (Fig. 1). 

The Altiplano-Puna is a 3.7-4.2 Km high plateau 

located between 15” and 27” S. It is 300 Km wide at is 
wider section and 1.500 Km long. In northernmost Chile 
the west boundary of the Altiplano-Puna plateau has a 

NW-SE orientation which is oblique to the north-south 

oriented chilean Precordillera and Preandean Depression 

(Fig. 1). On the Altiplano-Puna surface and in the Prean- 

dean Depression south of 23” South latitude, extensive 

depressions are located: Salars or endorheic basins to the 

South, formed under very dry climatic conditions with 

thick evaporitic deposits like the Arizaro, Atacama, Uyuni 

and Coipasa Salars, and enormous lakes to the North, 

under more humid climatic conditions, like the Poop0 and 

Titicaca lakes (Fig. I). 
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Fig. I. Location map of the Altiplano in South America and distribution of the morfostructural units of the Central Andes. 1. Vol- 
canic centers, 2 Salars. AB: Arica basin, CR: Coastal Range, CB: Central Basin, WTS: West-vergent Thrust System, PC: Precordill- 
era, PD: Preandean Depression, WC: Western Cordillera, A: Altiplano, EC: Eastern Cordillera, SS: Subandean Sierras. 
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The Western Cordillera corresponds to the late Ceno- 
zoic to Recent volcanic arc. It is nearly 100 Km wide and 
is formed by scattered late Tertiary to Recent volcanoes 
built up on the surface of the western Altiplano-Puna Pla- 
teau, some of which attain heights over 6,500 meters. The 
young, mainly active volcanoes are located along the 
Chile-Bolivia borderline. Between 27” and approximately 
23” South latitude the Western Cordillera runs, with a N 
lo”-15” E orientation, along the middle of the zone of 
salars. North of 23’S latitude the Western Cordillera has 
a nearly N 2O”W orientation, and cuts obliquely to the 
salars, which extend, further to the NNE, with no change 
of orientation. North of 23”s the Western Cordillera is, 
thus, located to the West of the salar basins. At the lati- 
tude of Arica (18” 30’S) the andean structures have an 
abrupt change in orientation forming the socalled “Boliv- 
ian Orocline”. 

The Subandean Ranges form the easternmost morpho- 
structural unit and correspond to an east-vergent thrust 
and fold belt with a minimum shortening of 210 Km 
(Roeder, 1988; Sheffels, 1990; Baby et al., 1992; 
Schmitz, 1994). 

REGIONAL GEOLOGY OF THE WEST BORDER 
OF THE ALTIPLANO IN NORTHERN CHILE 

In the region East of Arica and Iquique and West of the 
Altiplano, Precambrian, Paleozoic, Mesozoic and Ceno- 
zoic rocks are exposed. 

The oldest rocks known in this region are the nearly 
1.000 Ma low grade “Belt% Schists” (Pacci er al., 1980). 
Schists and gneiss are exposed along a narrow strip on the 
western edge of the Altiplano plateau between 
Chapiquifia and Tignamar villages. These rocks are in 

fault contact with Mesozoic and Cenozoic rocks. This 
unit has been considered part of the Arequipa Massif 
(Mpodozis and Ramos, 1989). 

Next to the Central Basin, thick siliciclastic and car- 
bonatic marine sequences of Sinemurian-earliest Neoco- 
mian age are exposed. At Santuario de las Peiias, a 
locality 60 km to the East of Arica, these deposits overlie 
ryolithic tuffs and flows of possible late Triassic age. At 
Aroma valley, east of Iquique, they uncoformably cover 
late Paleozoic metasedimentary rocks. These rocks were 
deposited in the Tarapaca backarc basin (Muhoz et al., 
1988; Harambour, 1990; Mufioz and Charrier, 1993; 
Charrier and MuAoz, in press). 

East of Iquique, late Cretaceous ignimbrites and tuffs 
unconformably cover the east vergently folded marine 
Jurassic series (Harambour, 1990). 

On the west slope of the Altiplano, the marine Meso- 
zoic series are unconformably covered by extensive 600- 
800 m thick Miocene ignimbritic flows. In the northern 
Chilean Altiplano these deposits (Oxaya Formation, Salas 
et al., 1966) have a North-South distribution of more than 
150 Km and a total area1 extension of near 25.000 Km2. 
Isotopic determinations on samples of this unit gave ages 
between 23 and 17 Ma (Lahsen 1982). Age determina- 
tions in the study region gave at three localities ages of 19 
Ma (see Table 1). At 20” South latitude an equivalent of 
this unit, the Altos de Pica Formation, gave ages between 
17 and 15 Ma (Galli, 1957, 1968; Galli and Dingman, 
1962; Baker and Francis, 1978; Lahsen, 1982). 

Tertiary deposits exposed along the west margin of the 
Altiplano and on the western Chilean Altiplano corre- 
spond in general to Oligocene to Recent volcanic and 

Table 1. 

RADIOISOTOIC AGES OF ROCKS OF THE CHILEAN ALTIPLANO 
BETWEEN 18” 30’ SOUTH LATITUDE 

Bi: Biotite 
Ftt: Total rock 
ENAP: Emprasa Nscional dal Petrdlao 
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sedimentary rocks. These units correspond to 25 million 
years old ingnimbrites and thick Oligocene-early 

Miocene fluvio-lacustrine (1,000 m thick Chucal and 

Putani Fms., on the Altiplano) and middle Miocene 

volcano-detritic (Lupica Fm., 750 m thick on the west 

margin) (Mufioz, 1991). The ignimbritic Oxaya Forma- 

tion covers the Chucal and possibly the Putani Formation 
and is conformably coverd by the Lupica Formation. 

Along the Lauca valley widely extended (3.000 Km2), 

approximately 300 m thick, slightly folded and locally, 

internally thrusted, lacustrine deposits with a 2,3 f 0.7 
Ma pyroclastic intercalation are exposed (Lauca Fm). On 

the Altiplano East of Iquique a fluvio-lacustrine equiva- 
lent of the Lauca Formation forms a 40 m high terrace on 

the east margin of the Coipasa Salar. 

Overlying the late Pliocene deposits are the active vol- 

canoes of the Western Cordillera and the alluvial and 

evaporitic salar deposits, which represent the youngest 
accumulations of the Altiplano. 

THE WEST-VERGENT THRUST SYSTEM (WTS): 
DESCRIPTION AND SIGNIFICANCE. 

The West-vergent Thrust System is well exposed North 

of 20” S along the western slope of the Chilean Altiplano, 

between Putre and Chusmiza villages, that is, between the 
Central Basin and the Altiplano (Fig. 1). 

This WTS system is characterized by high angle 

faults that involve the metamorphic pre-Cambrian base- 

ment. There is no evidence for a basal decollement 

level. This thick-skinned structural style is considerably 

different from that developed on the east border of the 
Altiplano during the Cenozoic, which occured along 

east vergent thrust sheets (thin-skinned) (Roeder, 1988; 

Sempere et al., 1988, 1990; Herail et al., 1990; Baby 

et al., 1992). 

The faults that form the West-vergent Thrust System 
dip to the East and their vertical throw increases from 

West to East exposing the oldest units over younger units. 

As a result of the uplift, widely extended syntectonic 

deposits were generated westward of the faults. These 
structures activated coalescent fluvial systems and origi- 

nated “bajadas” that progradate to the West. The western- 
most syntectonic deposits interfinger with the Central 

Basin deposits. 

Sbwtures in Moquellu area 

The westemnmost fault of the WTS is well exposed in 
the Moquella area (Fig. 2). There, fault propagation folds 
are developed in 16 Ma old volcanic rocks. The local 
vertical throw of this fault is 80 m. This system grades 
from South (19’ 30’ S) to North, from a west dipping 
monoclinal flexure-fold to a west-vergent asymmetric 
fold with two east dipping thrusts. These thrusts involve 
the Oxaya Formation, Tarapacri Ignimbrite and Camiiia 
Ignimbrite (Fig. 2~). K-Ar age determinations on the 

Tarapaca ignimbrite, that covers the Oxaya Formation 

which is affected by the faults, gave ages of 16.3 and 16.2 

Ma (Table 1). Rocks of the CamiRa ignimbrite that cover 

unconformably the flexured and faulted units were dated 

at 8.2 Ma (Mufioz and Sepulveda, 1992). The thrust epi- 

sode in this area thus occurred in the middle to late 

Miocene. 

To the South in the quebrada Aroma, at the latitude of 

Iquique (21’S), sedimentary metamorphic rocks are also 

thrusted over volcanic units of Tertiary age with a mimi- 

mum vertical throw of 250 m. 

Structures in the Oxaya Formation 

At its type locality, Pampa Oxaya, the Oxaya Forma- 

tion is affected by a system of faults of the WTS (Fig. 3). 

The structures described for the Moquella area are contin- 

ued to the North by the Ausipar fault, which is the major 

thrust to the west of Pampa Oxaya. The Oxaya Formation 

is partially cut by a 50” east dipping thrust with a vertical 

separation of 600 m that formed a wide antiformal struc- 

ture. forming part of the extensive surface of Pampa 

Oxaya. 

Repeated activity along these faults is evidenced in the 

Azapa Valley, East of Arica. Here, in the east-block, that 

is, the back of the Ausipar thrust (Fig. 3), the Oxaya For- 

mation overlies directly Jurassic deposits, In the west 

block the Oxaya Formation is underlain by a more than 

100 m thick, coarse gravel deposit and overlain by 

another syntectonic alluvial fan deposit. This indicates the 

existence of at least two episodes of thrusting along this 

fault and the pre-Oxaya begining of the fault activity. 

To the east, at the confluence of the Azapa and the 

Tignamar valleys syntectonic deposits are exposed. This 

unit is formed by aluvial fan deposits that interfinger with 

restricted lacustrine deposits containing rests of a late 

Miocene (9-8 Ma) Mammal (Typotheriopsis sp, Nothoun- 

gulata, Mesotherridae) (SALINAS et al., 1991). These 

deposits wedge to the West and are thrusted by ign- 

imbrites of the Oxaya Formation. This thrust is covered 

by the 4.8 Ma of Huaylas ignimbrite (Fig. 3). 

North of BelCn village, the fault system corresponds to 

imbrications in the middle Miocene volcano-detritic 

deposits (Lupica Formation) and thrusts of Jurassic over 
Miocene series and of Pre-Cambrian rocks over the 

Jurassic and the Miocene series. The faults thrusting the 

pre-Cambrian over the Jurassic rocks and those that thrust 
the pre-Cambrian over Tertiary rocks dip 57” to the East. 

The minimum vertical throw necessary to superpose 
the basement rocks over the Lupica Formation is similar 

to the added thicknesses of the Oxaya Formation (600- 

800 m), the Lupica Formation (750 m) and at least 500 m 
thickness of the remaining Jurassic sediments, that is, 
1,950. 
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Fig. 2. The Moquella fault area (after Muiioz y Sepfilveda, 1992). a. Location of the Moquella fault and its position relative to the 
other west vergent thrust fault on the Chilean versant of the Altiplano. b. Geological map along the east border of the Central Basin 
and trace of the Moquella fault (1) Cuatemary deposits, (2) Jurassic rocks, (3) Conglomerates, (4) Camiiia ignimbrite, (5) Miocene 
volcanic sequence, (6) Diorite, (7) Contractional fault, (8) bedding, (9) Overturned bedding, (10) Monoclinal (11) Horizontal bed- 
ding. c. Structural profil across the Moquella fault at two diferent localities showing the northward transition from and west dipping 
flexure and a west vergent asymetric fold with two east dipping thrusts. 

THE UPLIFT AND RELATIVE AGE SEQUENCE 

OF THE ALTIPLANO PLATEAU 

The West-vergent Thrust System located along the 

western border of the Altiplano, that separates this mor- 
phostructural unit from de Central Basin and from the 

Precordillera on the chilean versant North of 20” South 
latitude, has an opposite position and vergence relative to 

the east-vergent thrust and fold belt of the Subandean 
Sierras in Bolivia (Roeder, 1988; Sempere et al., 1988; 

Sheffels, 1990). The WTS also differs radically in style 
from the Sierras Subandinas thrust and fold belt. 

According to Herail et al. (1990) the formation of the 

Subandean Sierras thrust and fold belt began in the late 
Oligocene and is still developing. The present activity is 
shown in the western part of the Subandean Sierras by 
shallow crustal seismic activity, with focal mechanisms of 
inverse dip-slip solution along west-dipping planes (Dor- 

bath et al., 1991). Uplift rates of the Altiplano in Bolivia, 

as determined by apatite and zircon fission-track cooling 

ages, accelerated at 15 Ma (Benjamin et al., 1987). Other 

authors indicated that uplift was active by 10 Ma. (All- 
mendinger, 1986; Crough, 1983). 

Gubbels e? al. (1993) propose a two-phase model (Oli- 

gocene to 10 Ma, and after 10 Ma) of growth that links 
plateau uplift to the development of the fold-thrust belt, in 
the Eastern Cordillera and Subandean. According to Gub- 

bels’s model, in the first stage early plateau uplift ocurred 
in response to widespread compressional deformation of 
the plateau. During the second stage, upper-crustal defor- 
mation within the plateau terminated, and the Subandean 
thrust and fold belt developed. 

Sempere ef al. (1990) also distinguished in the Alti- 
plano a western “belt” separated from an eastern “belt” 
by the “Intra-Andean Boundary Fault” (FLIA), a west 
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SYMBOLS 

Fig. 3. The west-vergent thrust system north of 19” South latitude. Geologic map and location of the west-vergent thrusts and cross 
section of the thrust system forming the last morphological step in front of the Altiplano plateau, which contrast with the east vergent 
pre-Paleogene thrust affecting the mesozoic series. Simbology: (1) Holocene deposits, (2) Lauca Formation, (3) Hayllas ignimbrite, 
(4) Late Miocene volcanic units, (5) Syntectonic deposits, conglomerates, (6) Dacite, (7) Oxaya Formation, (8) Lupica formation, 
(9) Chucal formation, (10) Diorite, (11) Jurassic sequences, (12) Esquistos de BelCn Formation. 
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vergent thrust fault, along which part of the western 
“belt” was underthrust beneath the eastern “belt”. 
According to these authors the east vergent thrust and 
fold belt of the Subandean Sierras began with the incep- 
tion of a major east vergent low angle thrust (the Main 
Andean Thrust- MAT) located farther East of the FLIA 
and progressed sequentially towards the East. 

The existence of two thrust belts with opposed vergen- 
ties on both sides of the Altiplano suggests that the 
Bolivian-Chilean Altiplano may essentially be considerd 
as a compressive structure (Fig. 5). 

the eastern thrust and fold belt started to develop, the 
underthrusted foreland continued to compress the ductile 
lower crust west of the thrust belt. The consequent thick- 
ening of the lower crust produced a plateaulike uplift 
west of the thrust belt and a west dipping monoclinal was 
developed to accommodate the differential uplift of the 
upper crust at the western limit of ductile thickening of 
the lower crust. 

Sequential development and timing of deformation 

According to the above description of the WTS, the 
chronological sequence of faults indicate a propagation to 
the East or to the foreland, forming an overstep thrust 
sequence, that is, opposite to the transport direction. This 
fault development occurred between pre-Oxaya Forma- 
tion (19 Ma) times and 4.8 Ma. The local presence of 
thrust faults in the late Pliocene Lauca Formation suggest 
that further deformation of the WTS might have occurred 
until the Pleistocene. 

The West-vergent Thrust System along the western 
border of the Altiplano (WTS) prolongates the regional 
monoclinal flexure-fold, which, according to Isacks 
(1988), could be located above the tip of the astheno- 
spheric wedge. These faults could represent the end point 
of the deformation that caused the crustal flexure and 
facilitated the uplift of the west side of the Altiplano. 

With the development of thrust systems on both sides 
of the Altiplano the uplifted block formed a unit separated 
from the crust of both the foreland and the forearc, and 
corresponds to the configuration of an erogenic float, in 
the sense of Oldow et al. (1990). 

Uplift of the Chucal Formation: During the Late 
Oligocene-Early Miocene a lacustrine basin was formed 
on the west side of the Altiplano, in which the Chucal 
Formation was deposited (Fig. 4). Sedimentary rocks of 
the Chucal Formation contain evidence of their elevation 
at the time of deposition. Using the palinologic and paleo- 
botanic content of this formation as a paleochmatic tool, 
it is possible to indicate that the Chucal Formation was 
deposited under paleoecological conditions controled by a 
mean altitude of 1,000 + 200 m a.s.1. (Charrier et al., 
1994). 

Under these conditions the compressive stresses acting 
on the Andean region will compel1 the uplifted and pos- 
sibly more buoyant crust to further override the adjacent 
thinner crust at both sides of the Altiplano. 

Once such conditions are established the uplift process 
gradually developes until a major change in the subduc- 
tion occurs. Slowing down of the subduction rate, inter- 
ruption of the subducting plate process or changes in 
the orientation of the subduction are factors that may 
change the conditions for the uplift of the Altiplano and 
may lead to its collapse. An increase in the subduction 
rate could probably increase the uplift rate, unless cli- 
matic changes occur that increase the erosion rate in 
this region. 

Pyrolysis rock-eval, spore color index, vitrinite reflect- 
ancy indicate that the Chucal Formation underwent a 
maximum burial of 1,300 m, and then was uplifted to its 
present altitude of 4,200 m a.s.1. (Fig. 4) (Muiioz et al., 
1994). For simplicity the model assumes that this 
aumount of exhumation (1,300 m) is not isostatically 
compensated. According to Mufioz’s model it is possible 
to deduce that the Chucal Formation was tectonically 
uplifted 4,000 f 200 m between 15 and 4.8 Ma. This 
implies for this time lapse an uplift rate of 392 f: 20 
m/Ma. 

The values higher than 0,705 for Sr isotope ratios 
obtained for all volcanic rocks of the Central Andes 
younger than 15 Ma (Wbrner, 1991) indicate that the 
crust of the Altiplano was considerably thickened and that 
the Altiplano certainly already existed at that time as a 
morphological unit. 

CONCLUSIONS 

DISCUSSION 

It is concluded that the Altiplano is an uplifted block 
controlled by thrust systems at both sides (Fig. 5) that 
was separated in the middle to late Miocene by these 
thrust systems from the foreland and the forearc crust. 

The western slope of the Altiplano, according to Isacks The east-vergent thrust and fold belt of the Eastern 
(1988), is a crustal-scale monocline, and the late Ceno- Cordillera and Sierras Pampeanas (“phase of tectonic 
zoic volcanic arc or Western Cordillera, is located build-up” of Froidevaux and Isacks, 1984) started in the 
approximately above the tip of the asthenospheric wedge late Oligocene. The west-vergent high angle thrust system 
between the subducted plate and the horizontal overriding on the western border of the Altiplano (WTS), that com- 
plate. This author assumes that processes in this wedge pleted the build-up phase of the Altiplano, was active 
are effective in thinning the upper plate, increasing the during the late Oligocene but, it developed more prob- 
temperature in the uppermost mantle and, thus, weaken- ably between 15 and 4.8 Ma. This thrust system is 
ing the continental lithosphere. This author’s model for located above the downtip of the interplate boundary 
the uplift of the Altiplano-Puna plateau implies that once (Fig. 5). 
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Fig. 4. The Chucal Formation in relation to the Altiplano uplift. a. Location of outcrops b. Vitrinite reflectance profile. c. Geohistory 
of the Chucal formation. After a burial history with 1,300 + 100 m of overburden, the Chucal Formation was uplifted 4,000 + 200 
between 15 and 4.8 Ma. 
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.6' 

Fig. 5. Conceptual Model. Generalized section of the Central Andes of Bolivia and Chile showing the morphostructural units and the 
position of the Altiplano plateau between two thrust systems with divergent vetgencies on each side, suggesting the compressive ori- 
gin of the this uplifted block. Same symbols as in Fig. 1 

The west-vergent fault system on the west side of the 
Altiplano and the east-vergent thrust and fold belt on 

with opposing vergencies (Fig. 5). The westernmost 

the east border, indicate that this plateau is a compres- 
system is interpreted as the rupture along a regional 

sive asymmetric structure formed by two thrust “belts” 
flexure-fold separating the Central Basin and the Alti- 

plan0 , 
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Uplift started in the late Oligocene together with the 
beginning of the Subandean east vergent thrust and fold 
belt and was continued by both the ongoing east-vergent 
Subandean thrust system and the Middle to Late Miocene 
western west-vergent thrust system (“phase of tectonic 
build-up” of Froidevaux and Isacks, 1984). The develop- 
ment of the east-vergent thrust and fold belt from the late 
Oligocene to Present indicates the existence of continuous 
compressive stresses affecting the continental margin in 
this region. The uplifted Altiplano block reacted to these 
stresses without serious compressive deformation on its 
surface. Apparently these stress acted on low levels of the 
uplifted block causing only some extension of the upper 
zones that developed subsiding extensional basins. Slight 
local compressive deformation occurred, however, during 
the late Pliocene or Pleistocene, in the Lauca Formation. 
This compression seems to have acted only locally and 
cannot be considered a regional compressive phase. 

The two events of thrusting on both sides of the Alti- 
plano with different ages and opposed vergencies directed 
away from the Altiplano are related to different rates of 
uplift: a slower rate on the east side where the thrusting 
began earlier and a more rapid rate of 392 + 20 m/Ma, 
between 15 and 4.8 Ma, on the west side. 
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